The aims of this study are to describe and to evaluate improvement of survival over time for colon cancer patients by anatomical sub-sites. Data on 661 patients newly diagnosed as having colon cancer at Osaka Medical Center for Cancer and Cardiovascular Diseases from 1978 to 1991 were examined in this study. Corrected survival was calculated with the Kaplan-Meier method according to the period of diagnosis: early period (1978-84) and later period (1985 -91). Factors concerning the difference in survival between the two periods were examined with the Cox proportional hazards regression model according to sub-site. Five-year corrected survival of the patients with left colon cancer improved significantly (60 to 72%; P< < < <0.01), probably due to advances in treatment, while that of patients with transverse colon cancer also improved significantly (39 to 67%; P < < < <0.01), mainly because of progress in diagnosis. The five-year corrected survival of those with right colon cancer did not increase (57 to 46%; P = = = =0.14), owing to lack of improvement in stage at diagnosis. Among the three sub-sites, the right showed the worst five-year survival in the later period. We concluded that survival of patients with right colon cancer, differing from the other anatomical sub-sites, did not improve, possibly because of lack of symptoms. The screening programs for colon cancer introduced in Japan in 1992 may be expected to improve the survival of patients with colon cancer, including that of the right colon.
The incidence of colon cancer has been increasing remarkably in Japan. The age-standardized incidence rate per 100,000 population (standardized to the world population) was 7.7 for males and 7.0 for females in 1975, and had increased to 30.7 and 17.8 in 1993 for males and females, respectively. 1) Colon cancer is the third most common cancer for males and the fourth most common cancer for females in Japan. 1) Studies of survival of patients with colon cancer are of great interest, as success in diagnosis and treatment can be measured according to survival. Proximal and distal colon cancer are considered to have somewhat different etiologies, 2, 3) and sometimes show dissimilar symptoms. 4) Although survival of colon cancer patients has increased during the past decades, 5) it is unclear if this increase applies to each anatomical subsite. The aims of this study are to describe and to evaluate the improvement of survival over time for colon cancer patients by sub-site based on reliable information on diagnosis according to sub-site from a hospital-based cancer registry in Osaka.
SUBJECTS AND METHODS

Subjects
Candidates for study subjects were 880 consecutive patients with colon cancer newly diagnosed at Osaka Medical Center for Cancer and Cardiovascular Diseases (OMCC) between January 1978 and December 1991. They were identified through the hospital cancer registry (HCR) of the OMCC. 6) In cases with multiple colon cancers, only the tumor at the most advanced stage or the largest in size was included in the analysis. Of the 880 cases, the following were excluded: 36 with an unknown anatomical sub-site, 125 detected through screening for colon cancer, 20 with mucosal carcinoma, and 38 with adenomatous polyps having a small carcinomatous region. The remaining 661 cases were enrolled in this study. Of those, 488 were both diagnosed and treated at the OMCC, and 173 were diagnosed at OMCC but treated in other hospitals.
Data for this analysis were obtained primarily from the HCR of the OMCC. When patients were diagnosed at OMCC but treated at other medical facilities, information on the extent of their disease and histological differentiation was supplemented with data from the Osaka Cancer Registry (OCR), a population-based cancer registry covering Osaka Prefecture. 5) Colon cancer cases were categorized into three anatomical sub-sites: right (cecum and ascending), transverse (hepatic flexure, transverse, and splenic flexure), and left (descending and sigmoid). In both the HCR and OCR, extent of disease at diagnosis was classified into three stages, 6) based on pathological and/or clinical extent of disease: 1) localized, confined to the original organ (corresponding to T1-3 N0 M0 in the TNM classification 6) ); 2) regional, direct extension to adjacent organs or tissues and/or regional lymph nodes (corresponding to T4 N0 M0 or any T N1, 2 M0); and 3) distant, metastases to remote organs and/or distant lymph nodes (corresponding to M1). Histological differentiation coded according to the International Classification of Disease for Oncology (ICD-O) was re-categorized into high (grade I), low (grades II, III and IV) and unknown (grade or differentiation not determined or not stated). Follow-up methods Routinely, the HCR of the OMCC annually updates information on the vital status of registered patients, referring to records of hospital visits, death certificates issued in the hospital, and files of the OCR. When a patient's vital status is unknown as of 5 years after diagnosis, HCR inquires as to the presence or absence of resident registration. Causes of death are identified by documents such as death certificates or OCR data, and classified as original cancer death, other cancer death or non-malignant tumor death. 5) Among the study subjects, 355 (54%) were alive, 300 (45%) were dead and 6 (1%) were lost to follow-up as of five years from the date of diagnosis. Of the 300 dead patients, 213 (71%) had died of colon cancer and 69 (23%) had died of other causes. In the remaining 18 (6%) patients, the cause of death was unknown because death certificates were unavailable. Statistical analysis Five-year survival from the date of diagnosis was estimated with the Kaplan-Meier method according to the period of diagnosis: early period (1978-84) and later period . In these analyses, only colon cancer deaths were considered as events, while deaths from other than colon cancer, including unknown causes of death and lost to follow-up, were considered as censored to describe mortality attributable to colon cancer.
7) The differences in survival curves between the two periods and among the three sub-sites were assessed with the log-rank test. Factors concerning the difference of survival between the two periods were examined with the Cox proportional hazards model. All study variables were categorized and coded as dummy variables to avoid assumptions about gradations of the effect. Unknown grade of histological differentiation and stage at diagnosis were regarded as independent categories. Analyses were performed with PROC LIFETEST and PROC PHREG of the SAS computer programs. 8) All tests were two-sided, and a P-value of less than 0.05 was considered as statistically significant. Table I shows the distribution of selected characteristics according to the anatomical sub-site and the period of diagnosis. In cases with left colon cancer, distribution of age, sex, histological differentiation and stage at diagnosis seemed to show no remarkable changes during the two study periods. In transverse colon cancer, localized disease increased from 27 to 56% during the two study periods. With right colon cancer, patients aged 65 years old and over increased from 54 to 62%, localized disease was reduced from 39 to 23%, and lesions with a high grade decreased from 47 to 40% between the earlier and later periods. For each sub-site, the proportion of patients who underwent abdominal ultrasonography or computed tomography increased remarkably. Table II shows the corrected five-year survival of the study subjects according to the anatomical sub-site and the period of diagnosis. The five-year survival of patients with right colon cancer was 57% in the early period (1978-84) and decreased to 46% in the later period (1985-91), although the difference was not significant (log-rank test: P=0.14). In the patients with transverse cancer, the five-year survival improved significantly from 39 to 67% (P<0.01). In the cases with left cancer, the five-year survival improved significantly from 60 to 72% (P<0.01). Fig. 1 shows the cumulative corrected survival curves of the study subjects diagnosed in the later period according to anatomical sub-site. The left colon cancer patients showed the best survival rate, the right the worst and the transverse intermediate. Differences among the three survival curves were statistically significant (P<0.01). Table III shows the later to early period hazards rate ratios (HRs) according to anatomical sub-site. In the left colon cancer patients, age and sex adjusted HR was 0.65 (95% confidence interval [CI]: 0.46-0.92). HR was reduced to 0.58 (95% CI: 0.41-0.82) after an additional adjustment for histological differentiation and to 0.44 (95% CI: 0.31-0.62) after further adjustment for stage at diagnosis.
RESULTS
Characteristics of study subjects
Univariate analysis of survival
Multivariate analysis for survival
In the transverse colon cancer patients, the age and sex adjusted HR was 0.43 (95% CI: 0.23-0.82). An additional adjustment for histological differentiation still showed a significant reduction of HR (HR=0.51; 95% CI: 0.27-0.99), while there was no significant improvement after further adjustment for stage at diagnosis (HR=1.22; 95% CI: 0.58-2.55).
In the patients with right cancer, the age and sex adjusted HR was 1.41 (95% CI: 0.89-2.23). However, further adjustment for histological differentiation and stage at diagnosis reduced the HR to 1.08 (95% CI: 0.66-1.74). 
DISCUSSION
Data from the HCR of the OMCC were used in this study, which was specifically focused on the anatomical sub-sites. With the HCR data, the proportion of cases with unspecified sub-site was below 4%, while it was approximately 30% in the OCR. 9) We made several efforts to reduce the selection biases that often accompany a hospital-based study. First, not only patients treated at the OMCC but also cases treated at other medical institutes were included in this study, because the latter had significantly more advanced disease than the former and the proportion of the latter was significantly higher in 1985-91 (31%) than in 1978-84 (21%). Excluding these cases, therefore, might have overestimated survival 10) in patients diagnosed from 1985 to 91. Record linkage with the OCR was conducted to compensate for incomplete information on these cases. The staging scheme adopted in population-based cancer registries in Japan 11) was used in this study to maintain comparability with the HCR data. Second, patients with clinical diagnosis only were included in order to avoid overestimating 
survival, since in such cases histological confirmation is often not attempted because of advanced disease. 10, 12) Study subjects were restricted to patients who were diagnosed before 1992, when a colorectal cancer screening program was integrated into a public health service in Japan. 13) Cases detected through screening or health checkups were excluded, as well as patients with mucosal cancer and adenomatous polyps having a small carcinomatous region. In this study, therefore, the effects on survival owing to the lead-time and length biases often introduced by a screening program 12, 14) were eliminated or reduced to an almost negligible level. If these excluded cases had been included in the analyses, the survival would have been overestimated in the later period, because the number of excluded cases diagnosed in the later period was greater than that in the early period (151 vs. 30, respectively).
Improvement of survival over time for colon cancer patients by anatomical sub-sites was examined in this study. Since the extent of disease and histological differentiation, as well as sex and age at diagnosis, are all important prognostic factors of colon cancer, 12, 15) the Cox proportional hazards model was employed for adjustment of differences in the distribution of these prognostic factors. In the transverse colon cancer patients, proportions of the localized stage and higher differentiation were increased and survival improved significantly in the later period, but no significant reduction of the HR remained after an additional adjustment for stage at diagnosis according to age, sex and differentiation. The higher proportion of disease at an earlier stage and with a higher grade in the later period, which was probably due to improvements in diagnostic techniques, were considered to have led to improved survival. Patients with abdominal symptoms would have consulted doctors earlier in the later period, and their doctors might have used fecal occult blood tests, barium enema, and colonoscopy more frequently for diagnosis in patients with such symptoms. These potential factors might be related to the earlier detection of transverse colon cancer.
In cases with left colon cancer, survival increased significantly in spite of the similar distributions of age, sex, histological differentiation and stage at diagnosis. The HR remained even more reduced after adjustment for the stage. Stage migration 16) could have existed; however, improvement of not only stage-specific survival but also over-all survival may suggest the effectiveness of treatment. 17) Active treatment for metastasis detected by CT or echo might partially explain the increased survival among the patients with distant metastasis. 18) In the patients with right colon cancer, the proportion of disease at the localized stage and that of higher differentiation and survival did not improve during the study period. The HR still remained at around 1.0 after adjustment for differentiation and stage. It was suggested that cases with right colon cancer had not been successfully diagnosed even in the later period, possibly because of lack of symptoms. True survival benefits for patients with right colon cancer will be expected from the screening programs employing fecal occult blood tests, which were introduced in Japan in 1992. Although differences in some biological behaviors of cells and related tissues by sub-site were reported, their effects on survival were controversial. 2, 19, 20) We do not have any plausible explanation as to why some biological behaviors would be associated with poor survival of right colon cancer patients. Further study is expected to clarify the effects of differences in biological behaviors of cells and related tissues on survival of colon cancer patients by anatomical sub-site.
We concluded that improvement of survival over time for colon cancer patients and related factors might differ according to the anatomical sub-site. Survival of patients with transverse colon cancer has improved significantly, mainly because of earlier diagnosis. That of patients with left colon cancers has ameliorated significantly, probably due to advances in treatment. Survival of the right colon cancer cases, however, has not improved because stage at diagnosis and treatment have remained the same, possibly due to the asymptomatic nature of right colon cancer.
The screening programs for colon cancer introduced in Japan in 1992 may be expected to improve survival, including that in patients with right colon cancer. Effectiveness of these screening programs should also be assessed by anatomical sub-site based on population-based cancer registry data of high quality in order to completely exclude selection biases.
